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Abstract: In this paper, results of the effect of direct and indirect selection 
of quantitative fertility traits of cattle end heritability level are presented. 
Study of the quantitative genetic parameters was carried out on three large 
farms of Black and White, Holstein-Friesian cattle. Investigation included 
3900 first calving cows, daughters of 54 bull sires. The effect of genetic 
group of the head of cattle (genotype) and of the herd on fertility and milk 
traits of heifers and first calving cows of Black and White breed was 
investigated. Genetic group of the head of cattle (genotype) had no 
significant effect in variation of the fertility traits compared to general 
average (P<0.01). The effect of herd caused statistically significant and 
highly significant deviation from the general average, P < 0.05 and P < 0.01. 
Established heritability coefficients for fertility traits had low values for age 
at insemination (0,112), duration of pregnancy (0,045) and duration of 
service period (0,097). Results were obtained by applying mathematical-
statistical analysis of data – using mixed model (Harvey, 1990). 
Mathematical-statistical analysis of data was carried out using linear 
methods with fixed influence through model of Least Squares (LS method). 
Genotype of the head of cattle caused no significant deviation of fertility 
traits (P>0,05).  
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Introduction 
 
If we consider current changes in genetic improvement of cattle and  
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great progress in reproduction technologies, it is obvious that programmes 
which are used today need to be changed and improved, especially because 
of problems occurring with the disease BSE - bovine spongiform 
encephlopatia or "mad cow disease”. In countries with most developed 
genetics in cattle breeding, embryo technology is used which enables rapid 
genetic progress. This is realized through application of new 
biotechnological methods and procedures aiming to improve the fertility and 
embryo technology in breeding of cattle of high genetic potential, 
biotechnological methods in the field of genetics and population genetics, 
application of new models and methods aiming to improve the conventional 
quantitative approach – higher accuracy of the estimation of breeding value 
of heads of cattle, introduction of molecular-biological procedures in 
genetical analysis of traits of economical importance.  
Considering the economical importance of reproductive traits of dairy 
cattle, the knowledge of certain genetical and para-genetical factors which 
influence the fertility of cows is necessary. Success in improvement of 
fertility through genetics is limited by low heritability values, which doesn't 
mean that genes have no effect on this trait, but rather that value of additive 
genetic variation is very low. Fertility of cows is under higher influence of 
environmental factors since variation of reproductive traits is under their 
influence. Heritability, or study of additive genetic variance in total 
phenotypic variability of quantitative traits, is part of the major 
investigations from the aspect of creation of cattle population of high genetic 
potential and selection of parent pairs for of future generations. Coefficient 
values for heritability related to fertility traits are under the effect of different 
factors, such as: genotype of the animal, age, selection intensity, breeding 
method, conditions of the environment, etc. Heritability coefficients for 
fertility traits have low hereditary character, but estimated values vary, as 
stated by Kragelund et al. (1979), Hayes et al. (1992), Petrović et al. (1998). 
Objective of this research was to investigate major genetic fertility 
parameters in Black and White cattle in order to choose the direction and 
further improvement of this population. Similar research was reported by 
Boie, D. and Gravert, H., (1983), Beaudry et al., (1988), Grigoriev et al., 
(1987), Petrović et al., (1995, 1997,2006), Vand der Werf and De Boer, W., 
(1990) and Weller, G. I. and Folman, Y., (1990). 
 
Material and methods 
 
Investigation of genetic parameters of reproduction traits was carried out  
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on sample – representative of the population which included 3900 first 
calving Black and White cows of different genetic structure – percentage of 
HF genes (I 50%HF), (II 75% HF) and (100% HF). Investigation included 
54 groups of half sisters raised on three large farms near Belgrade. 
Investigation of phenotypes fertility and heritability included following 
reproductive traits: - Age at first fertilisation, days (AFFD) - Duration of 
pregnancy, days (DPD) - Duration of service period, days (DSPD). 
In processing of data mixed model of Least Squares with fixed influence 
(LS - Least Squares) was used, programme LSMLMW, Harvey, 1990. In 
analysis of the effect of the genetic group of heads of cattle (genotype) and 
herd on fertility, the following model was used:  
 
 Yijkl  = μ  + Oi + Gj + Sk + eijkl,  
where:  
 Yijkl – individual animal 1, originating from i bull sire, of j genetic 
group and k herd, 
 μ – general population average in equal number of repetitions 
according to classes – ranks, 
 Oi – fixed effect of bull sire (1-54), 
             Gj – fixed effect of the genetic group of head of cattle (1-3), 
 Sk – fixed effect of the herd (1-3), 
            eijkl – other undetermined effects. 
 
Results and discussion 
 
Different number of individual animals in certain classes, as well as 
presence of several factors (genotype, herd, bull sires) affecting the 
demonstration of investigated traits, caused the analysis for which the 
method of Least Squares was used.  
Similar data regarding the age of heifers at first insemination was 
obtained by Petrović et al. (1995, 1997, 1998). Black and White and 
Holstein-Friesian heifers can be older at calving which is confirmed by 
results of Beaudrya et al. (1988) and Nekrasova (1990). Results of our 
investigation relating to the effect of genotype show that there were no 
statistically significant differences between groups of genotypes, but certain 
tendencies were registered. Heads of cattle with the highest percentage of 
HF genes were inseminated sooner which is in accordance with results stated  
by Boie and Gravert (1983), Petrović (1994, 1995). 
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Table1. Effect of genotype (genetic groups of heads of cattle) and the herd on 
reproductive traits 
 
Traits AFFD DPD DCPD 
LSM 493.5 276.1 107.5 
S. E. 1.7 0.1 2.3 
Genotype ĉi ĉi ĉi 
I 2.3 0.6 -3.9 
II 1.8 0.1 4.7 
III -4.1 0.4 -2.9 
F exp. 0.491NS 1.400NS 0.801NS 
Herd ĉi ĉi ĉi 
1 0.9 -0.5 4.6 
2 10.2 0.1 1.9 
3 -8.6 0.6 -2.4 
F exp. 0.4987** 2.765* 2.318* 
  NS  = P>0.05       * = P<0.05     ** P<0.01 
 
Our research of the effect of genotype on duration of service period 
showed no significant deviation of this trait. Majority of researchers who 
performed similar investigations stated similar or slightly longer duration of 
service period in Holstein cows and Black and White cows with higher 
percentage of genes of Holstein breed (Grigorev et al., 1987 and Petrović et 
al., 1994, 1995). The effect of herd on fertility traits is in accordance with 
results obtained by Petrović (1987, 1991, 2006) and Petrović et al. (1994, 
1995, 2006).Coefficients obtained in study of the additive genetic in total 
phenotypic variability, i.e. parameters of the heritability of reproductive 
traits are presented in table 2. Established heritability coefficients for 
reproductive traits obtained in our research are higher compared to results 
stated by Moore et al. (1991). Heritability coefficient for duration of service 
period obtained in this research is similar to those reported by Hayes et al. 
(1992) and Petrović et al. (1997). 
 
Table 2. Heritability (h2) and heritability errors (Sh2) of reproductive traits 
 
Trait h2 Sh2 
AFFD (age at fertilisation) 0,142 0,086 
DPD   ( duration of pregnancy) 0,093 0,057 
DSPD (dur.of service period) 0,101 0,091 
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Conclusion 
 
The effect of the genetic group of heads of cattle (genotype) and herd on 
fertility and milk traits of heifers and first calving cows of Black and White 
breed was investigated. Genetic group of heads of cattle (genotype) had no 
significant effect on variation of fertility traits in relation to the general 
average (P<0.01). The effect of herd caused statistically significant and 
highly significant deviation from general average, P< 0.05 and P< 0.01. 
Established heritability coefficients for fertility traits had low values for age 
at fertilization (0,112), duration of pregnancy (0,045) and duration of service 
period (0,097). Genotype of the head of cattle caused no significant 
deviation of fertility traits (P>0,05). 
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Rezime 
 
U ovom radu su predstavljeni rezultati uticaja direktne i indirektne 
selekcije na kvantitativne osobine plodnosti goveda i nivo heritabiliteta. 
Ispitivanje kvantitativnih genetskih parametara je izvedeno na tri velike 
farme gde se gaje crno-bela, holštajn-frizijska goveda. Ispitivanje je 
uključivalo 3900 prvotelki, kćeri 54 bika-očeva. Ispitivan je uticaj genetske 
grupe grla goveda (genotip) i zapata na osobine plodnosti i mlečnosti junica i 
prvotelki crno-bele rase. Genetska grupa grla goveda (genotip) nije imala 
signifikantan uticaj na variranje osobina plodnosti u odnosu na opšti prosek 
(P<0.01). Uticaj zapata je izazvao statistički signifikantno i visoko 
signifikantno odstupanje od opšteg proseka, (P < 0.05) and (P < 0.01). 
Ustanovljeni koeficijenti heritabiliteta za osobine plodnosti su imali niske 
vrednosti za osobine uzrast pri prvoj inseminaciji (0,112), trajanje 
bremenitosti (0,045) i trajanje servis perioda (0,097). Rezultati su dobijeni 
primenom matematičko-statističke analize podataka – korišćenjem 
mešovitog modela (Harvey, 1990). Matematičko-statistička analiza podataka 
je izvršena korišćenjem linearnih metoda sa fiksnim uticajem kroz model  
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najmanjih kvadrata (LS metod). Genotip grla goveda nije izazvao 
signifikantno odstupanje osobina plodnosti (P>0,05).  
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